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© Process for the preparation of hydrocarbons. 

® Syngas with a H3/CO mol.ratio between 0.75 and 1.75 is 
converted into hydrocarbons by contacting H first with a 
special cobalt-containing Fischer-Tropsch catalyst under 
such conditions that the conversion lies within a specified 
range depending on the HJCO mol.ratio of the syngas feed, 
and thereafter, after water removal, with a catalyst composi- 
tion comprising both hydrocarbon synthesis- and CO-shift 
•cavity. A high H 2 + CO-converelon combined with a high 
Cs* eeiecth/ity can be obtained starting from a syngas with a 
HjACO mol.ratio (F) between 0.75 and 1 .75 by carrying out the 
process in two stages as described hereinbefore under such 
conditions that in the first stags the following relation is met: 
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K 5733 

PROCESS FOR THE PIEPARATIGN OF HYDROCARBONS 

The invention relates to a process for the preparation of 
hydrocarbons by catalytic conversion of a mixture of carbon mon- 
oxide and hydrogen o 

The preparation of hydrocarbons from a H2/CO mixture by 
5 contacting this mixture at elevated temperature and pressure with 
a catalyst is krcran in the literature as the Fischer-Tropsch hydro- 
carbon synthesis o Catalysts often used for the purpose comprise 
one or more matals Ttcm the iron group 9 together with one or more 
promoters, and a carrier material « These catalysts can suitably 

10 be prepared by the known techniques, such as precipitation, im- 
pregnation, kneading and melting* The products t&iich can be pre- 
- pared by using these catalysts generally have a very wide mole- 
cular weight distribution range and, in addition to branched and 
unbranched paraffins, they often contain considerable amounts of 

15 olefins and os^en-containixig organic compoisids., Usually only a 
minor portion of the products obtained is made up of middle dis- " 
tillateso Of these middle distillates not only the yield but also 
the pour point is unsatisfactory . Therefore the direct conversion 
of H2/CO mixtures according to Fischer-Tropsch is not a very 

SO attractive mite for the production of middle distillates on a 
technical scale. 

In this patent application "middle distillates" should be 
token to be hydrocarbon mixtures whose boiling range corresponds 
substantially with that of the kerosine and gas oil fractions 

25 * o > ;ained in the conventional atmospheric distillation of crude 
fltr.eral oil* The middle distillate range lies substantially be- 
to* en about 150 and 360°C o 

Recently there tsas found a class of Fischer-Tropsch catalysts 
hi zing the property .of yielding a product in which oily very minor 

30 enunts of olefins and oxygerMJontaining compoisids occur and which 



- 2 - 



consists virtually completely of isibranched paraffins, a consider- 
able portion of Hfiich paraffins boils above the middle distillate 
range o It has been found that by hydrocracking the hi^i-boiling 
part of this product can be converted in high yield into middle 

5 distillates o As feed for the hydrocracking at least the part of 
the product is chosen ^iose initial boiling point lies above the 
final boiling point of the heaviest middle distillate desired as 
end product o The hydrocracking , nhich is characterized by a very 
low hydrogen consumption, leads to middle distillates which have 

10 a considerably better pour point than those obtained in the direct 
conversion of a H2/CO mixture according to Fischer-Tropsclu 

The Fischer^Tropsch catalysts belonging to the afore-men- 
tioned class contain silica, alumina or silicas-alumina as carrier 
material and cobalt together with zirconium, titanium and/or chro- 

15 mium as catalytically active metals, in such quantities that per 
100 ptra of carrier 1 material the catalysts comprise 3-60 pbtf of 
cobalt and 0o 1-100 pb# of zirconium, titanium or chromium* The 
catalysts are prepared by depositing the metals involved on the 
carrier aaterial by kneading and/or impregnation <> For flirther in- 

20 formation on the preparation of these catalysts by kneading and/or 
impregnation reference nay be nade to Netherlands Patent Applicat- 
ion MOo 8301922 recently filed in the name of the Applicant. 

tJhen the present cobalt catalysts are used for the Fischer- 
Tropsch hydrocarbon synthesis starting from i^AXMnixtures having 

25 a H2/CO molar ratio of about 2, very high H2+CO conversions, can 
be achieved c E0aever 9 *fiien feeds sdth a lower H2/CO molar ratio 
are used, the HjkGO conversion is insufficient* The H2+CO era- 
version is seen to be lower. according as the feed has a loraer 
H2/CX) molar ratio „ 

30 Since nature provides large amounts of material with a rela- 

tively low H/C ratio, such as coal, ^foich tahen converted into 
H2/OO mixtures yields products having a H2/CO molar ratio lower 
than 2, it *ould naturally be very welcome if a way could be found 
to solve the afore-mentioned problem of low H2+CO conversions. 
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During an investigation into this subject two measures were 
found which have made it possible to realise high H2+CO convers- 
ions in 'the hydrocarbon synthesis starting from H2/CO mixtures 
having H2/OO molar ratios between 0*25 and 1.75 and by using the 
5 present cobalt catalysts. In addition the application of these 
measures leads to a high selectivity. By the first measure 
the H2/CO mixture is converted over a mixture of two catalysts, 
one of which is the cobalt catalyst and the other a copper- and 
zinc-containing composition. By the second measure the H2/CO 

10 mixture is first partly converted over the cobalt catalyst, and 
subsequently the mconverted H2 and CO is converted over a bi- 
functional catalyst or catalyst combination which, in addition to 
activity fbr the conversion of a H2/CO mixture into hydrocarbons, 
has activity fbr the conversion of a mixture of H2O and CO into a 

15 mixture of H2 and CO2. 

Conditional upon the H2/CO molar ratio of the feed to be 
converted it is either exclusively measure 1 , or exclusively 
measure 2, or either one of the two measures that is eligible for 
use. For feeds with a H^/CO molar ratio between 0.25 and 0.75 

20 only measure 1 is applicable. If -the feed has a H2/CO molar ratio 
between 1.0 and 1.75, it is only measure 2 that is eligible. For 
feeds with a Hg/CO molar ratio between 0.75 and 1 .0 either 
measure 1 or measure 2 can be used at choice. 

The present patent application relates to the use of mea- 

25 sure 2 for feeds with a H2/OO molar ratio between 0.75 and I.75. 
The use of measure 1 for feeds having a H2/CO molar ratio between 
0.25 and 1.0 forms the subject matter of Netherlands Patent Appli- 
cation (K 5723) . 

The partial conversion which in accordance with measure 2 is 

30 carried out in the first step of the process should be performed 
under such conditions as to satisfy the relation 

150 x < C < 250 x £££ , 

F+1 F+1 

wherein F represents the H2/CO molar ratio of the feed and C the 

35 H2+OO conversion, expressed as Jtmol. After the water formed has 
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been removed from the product of the first step at least the un- 
converted H2 and CO thereof should be contacted in the second 
step with the bifunctional catalyst or catalyst combination men- 
tioned hereinbefore. 

The present patent application therefore relates to a process 
for the preparation of hydrocarbons by catalytic reaction of car- 
bon monoxide with hydrogen, in which a H2- and CO-containing feed 
having a H2/CO molar ratio (F) in the range between 0.75 and 1 .75 
is contacted in the first step with a catalyst comprising 3-60 pbw 
of cobalt and 0.1-100 pbw of at least one other metal chosen from 
the group formed by zirconium, titanium and chromium per 100 pbw 
of sili ca, alumina or silica-alunina, which catalyst has been pre- 
pared by kneading and/or impregnation, the contact being brought 
about under such conditions as to satisfy the relation 

wherein C represents the H2+CO conversion expressed as fcnol, and 
in which of the product from the first step - after removal of the 
water formed - at least the H 2 and CO that has remained uncon- 
verted is contacted In a second step with a catalyst or catalyst 
combination which, in addition to activity for the conversion of 
a mixture of H 2 and CO into hydrocarbons, has activity for the 
conversion of a mixture of H2O and CO into a mixture of H 2 and 
COg. 

In the process of the invention it is preferred to use in the 
first step the cobalt catalysts which form the subject matter of 
Netherlands patent application No. 8301922. These are catalysts 
which satisfy the relation 

(3 + 4 R) > — > (0.3 + 0.4 R), wherein 
3 

L = the total quantity of cobalt present in the catalyst, expressed 

as mg Co/ml catalyst, 
S = the surface area of the catalyst, expressed as m2/ml catalyst, 

and 
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R = the weight ratio of the quantity of cobalt deposited on the 
catalyst by kneading to the total quantity of cobalt present in 
the catalyst. 

The preparation of the cobalt catalysts used in the first step 
5 of the process of the invention is preferably carried out by one of 
the three procedures mentioned hereinafter: 

a) first cobalt is deposited in one or more steps by impregnation 
and subsequently the other metal is deposited in one or more 
steps, also by impregnation, 
10 b) first the other metal is deposited in one or more steps by 

impregnation and subsequently the cobalt is deposited in one or 
more steps, also by impregnation, and 
c) first cobalt is deposited in one or more steps by kneading and 
subsequently the other metal is deposited in one or more steps 
15 by Impregnation* 

In the process according to the invention preference is given 
to the use of cobalt catalysts containing 15-50 pbw of cobalt per 
100 pbw of carrier. The preferred quantity of other metal present 
in the cobalt catalysts depends on the way in which this metal has 
20 been deposited. In the case of catalysts where first cobalt has 

been deposited on the carrier, followed by the other metal, prefer- 
ence is given to catalysts containing 0.1-5 pbw of the other metal 
per 100 pbw of carrier. In the case of catalysts where first the 
other metal has been deposited on the carrier, followed by the 
25 cobalt, preference is given to catalysts containing 5-40 pbw of 
the other metal per 100 pbw of carrier. Preference is given to 
zirconium as other metal and to silica as carrier material. Pre- 
paratory to being suitable for use the cobalt catalysts should 
first be activated. This activation may suitably be carried out by 
30 contacting the catalyst at a temperature between 200 and 350°C with 
hydrogen or a hydrogen-containing gas. 

In the process according to the invention from the product of 
the first step - after removal of the water formed - at least the 
H2 and CO that has remained unconverted is contacted in a second 
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step with the biftsneticnal catalyst or catalyst combination men- 
tioned hereinbefore. It is preferred to divide the product of the 
first step by cooling into a gaseous fraction substantially con- 
sisting of mconverted H2 and CO, and Of* hydrocarbons, and a 
liquid fraction substant ially consisting of C5* hydrocarbons and 
water, and to use the gaseous fraction as feed for the second step 0 
Optionally the total reaction product of the first step may be 
used - after removal of water = as feed for the second step« 

As examples of catlaysts and catalyst combinations eligible 
for use in the second step of the process according to the invent- 
ion may be mentioned 

1 ) Catalysts prepared by impregnation t&iich comprise 5-50 %w of 
iron and 5=50 ?w of rapper and zinc supported on a carrier and 
in which the weight ratio of the total quantity of copper and 
zinc to the quantity of iron is 0o5-5o Ehen such catalysts are 
used preference is given to catalysts whose Cu/Zn atomic ratio 
lies between 0.25 and 4 and in t&ieh the .weight ratio of the 
total quantity of copper and zinc to the quantity of iron lies 
between 1«0 and 3-0o Examples of such catalysts are 
Fe/K/Cu/Si/Sip2 catalysts <>. 

2) Catalysts prepared by impregnation which comprise 30-75 pbw of 
iron and 5-40 pbw of magnesium per 100 pbw of alumina* Hhen such 
catalysts are used preference is given to catalysts comprising 
40=60 pbw of iron and 7-5-30 pbw of magnesium per 100 pbw of 
alumina o Examples of such catalysts are Fe/K/Cu/Kg/Al^ 
catalysts o 

3) Catalysts prepared by impregnation which comprise 10-40 pbw of 
iron and 0*25-10 pbw of chromium per 100 pbw of silica 0 fthen 
such catalysts are used preference is given to catalysts com- 
prising 20-35 pbw of iron and 0,5-5 pbw of chromium per 100 pbw 
of silica. Examples of such catalysts are Fe/K/Cr/SiO^ 

4) Catalyst mixtures obtained by mixing a crystalline metal sili- 
cate of a special structure either with one of the iron cata- 
lysts mentioned under 1)-3) 9 or with a ZnO/Cr^ catalyst ? 
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or with a Cu/ZnO/Cr^ catalyst, or with a mixture of a 
Cu/ZnO/Q*203 catalyst and gamma-Al^. 
The crystalline metal silicates mentioned under 4) are cha- 
racterized in that after one hour's calcination in air at 500 °C, 
5 they have the following properties 

a) an X-ray powder dlffVaction pattern in which the four lines 
mentioned In Table A are the strongest lines 

Table A 
~ d(i) 
11.1 + 0.2 
10.0 +0.2 
3-84 + 0.07 
3.72 + 0.06 , and 

b) in the formula which represents the composition of the silicate 
expressed in moles of the oxides and in which, in addition to - 

10 Si02, one or more oxides of a trivalent metal M, chosen from 
the group formed by aluminium, iron and gallium, are present, 
the Si02/M2°3 molar ratio is higher than 10. 
Since it is desirable to prepare in the process according to " 
the invention so large an amount as possible of a product which 
15 can be converted Into middle distillates by hydrocraclcLng, it is 
preferred to use in the second step a catalyst combination in which 
the activity for the conversion of a I^/CO mixture into hydrocar- 
bons originates In a cobalt catalyst belonging to the same class 
as that fkxm which the cobalt catalyst used in the first step was 
20 chosen. When such a "cobalt catalyst is used in the second step, 
the same preference applies with regard to method of preparation 
and composition as mentioned for the cobalt catalyst used in the 
first step* 

In the process according to the invention preference is given 
25 In the second step to the use of a mixture of two catalysts, the 
one catalyst being a cobalt catalyst belonging to the same class 
as. that from which the cobalt catalyst used in the first step was 
chosen, and the other catalyst being a copper- and zinc-containing 
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composition having a Cu/Zn atomic ratio between 0o1 and 10o Special 
preference is given to such catalyst mixtures wherein the two 
catalysts are present in such a ratio that the (Cu*Zn)/Co atdmic 
ratio in the catalyst mixture lies between (L5 and 5« The copper- 

5 and zinc-containing composition present in the catalyst mixture 

preferably has a Cu/Zn atomic ratio between 0o25 and 4 G Preparatory 
to being eligible for use the catalyst mixtures containing a cobalt 
catalyst and a copper- and zino-containing composition should be 
activated o This activation may suitably be carried out by contact- 

10 ing the catalyst mixture with hydrogen or a hydrogen?H2ontaining 
gas, first at a temperature between 150 and* 250 °C and subsequently 
at a higher temperature, between 200 and 350°C o 

The process according to the invention is preferably carried 
out at a temperature of 125-350?C and a pressure of 5-100 bar 0 

15 Special preference is given to a temperature of 175-275°C and a 
pressure of 10-75 bar 0 

As stated hereinbefore * the present cobalt catalysts when 
used for the conversion of a and CCM^ontaining feed yield a 
substantially waxy product whose high«boiling part can be converted 

20 in high yield into middle distillates by a hydrocracking treatment,, 
Ms is also true t£ien use is made not of the cobalt catalysts 
alone but of the above-described catalyst mixtures containing, such 
cobalt catalysts o 

Although 2 tfiien the products prepared over the present cobalt 

25 catalysts or over catalyst mixtures containing the present cobalt 
catalysts are used in the preparation of middle distil lates, the 
part of those products whose initial boiling point lies above the 
final boiling point of the heaviest middle distillate desired as 
end product will do as feed for the hydrocracking, it is preferred 

30 to use for this purpose the total C5 5 " fraction of said products, 
since it has been found that the catalytic hydrotreatntent leads to 
enhanced quality of the gasoline, kerosine and gas oil fractions 
present therein* 

The hydrocracking is carried out by contacting the fraction 

35 to be treated at elevated temperature and pressure and in the pre- 
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sence of hydrogen with a catalyst comprising one op more noble 
BEstals fhsa Group VIII supported on a carrier 0 The hydrocracking 
catalyst used by preference is a catalyst comprising 0„1-2 $w, and 
in articular 0 o 2-1 $w 9 of one or more noble metals tram Group VIII. 

5 supported on a carrier » Preference is given to catalysts containing 
platinum or palladivsa as Group VUI noble metal and silica-alumina 
as carrier o The hydrocracking is preferably carried out at a tem- 
perature of 200=400° C and in particular of 250-350°C and a pressure 
of 5-100 bar and in particular of 10-75 bar, 

<j0 The invention is now illustrated with the aid of the following 

example o 
Example 

Catalyst 1 and Catalyst 2 were mixed together to compose 
Catalyst Mixture I« 
15 Catalyst 1 

Co/Zr/Si02 catalyst which comprised 25 pbw of cobalt and 0o9 pbw 
of zirconium per 100 pbw of silica and had been prepared" by single- 
step impregnation of a silica carrier with a solution of cobalt 
nitrate in Eater, followed by single-step impregnation of the 

20 cobalt-loaded carrier with a solution of zirconium nitrate in water. 
In both impregnation steps the quantity of solution used had a 
volume which corresponded substantial ly with the pore volume of 
the carrier o After the two impregnation steps the material was 
dried and then calcined at 500°C* Hie catalyst had a value for L 

25 of 98 mg/ml and fbr S of 96 m?/ml 9 and consequently it had a 
value fbr L/S of 1*02 mg/n£. 
Catalyst 2 

Cu/Zn/Al£03 catalyst comprising 24 0 3 %u of copper and 38 o 0 %w 
of zinc and therefore having a Cu/Zn atomic ratio of 0.66 o 
30 Catalyst Mixture I 

Catalysts 1 and 2 were mixed in such a ratio as to obtain a Cata- 
lyst Mixture I f whose (Cu*Zn)/Co atomic ratio was 3-75. 
Catalyst testing 

Catalyst 1 and Catalyst Mixture I were used in eight experiments 
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(1-8) In the preparation of hydrocarbons from mixtures of carbon 
monoxide and hydrogen. The experiments were carried out at a space 
velocity of 10 Nl feed per hour and at a pressure of 20 bar In one 
or two reactors containing a fixed catalyst bed of Catalyst 1 or 
5 Catalyst Mixture I. Experiments 1 and 2 were carried out in a 

single step by using Catalyst 1. Experiment 8 was also carried out 
'•'In a single step, but using Catalyst Mixture I. Experiments 3-7 
were carried out In two steps by using Catalyst 1 in the first 
step and Catalyst Mixture I in the second step. In the two-step 

10 experiments the reaction product from the first step was cooled to 
divide it into a gaseous fraction substantially consisting of un- 
converted H2 and CO, and Cif hydrocarbons, and a liquid fraction 
substantially consisting of Cg + hydrocarbons and water, and the 
gaseous fraction was used as feed for the second step. Preparatory 

15 to the testing Catalyst 1 and Catalyst Mixture I were activated 
by contacting them with a hydrogen-containing gas; Catalyst 1 at 
250°C; Catalyst Mixture I first at 200°C and subsequently at 250°C. 
The results of the experiments and the Hfc/CO molar ratios (F) of 
the feeds used in each of the experiments as well as the reaction 

20 conditions are listed in the table. 
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CLAIMS 

1 . A process for the preparation of hydrocarbons by catalytic 
reaction of carbon monoxide with hydrogen, characterized in that 
a Kg- and CO-containing feed having a H2/OO molar ratio (F) in 
the range between 0.75 and 1.75 is contacted in the first step 
5 with a catalyst comprising 3-60 pbw of cobalt and 0.1-100 pbw of 
at least one other metal chosen fVcm the group formed by zirconium, 
titanium and chromium per 100 pbw of silica, alumina or silica- 
alumina, tfiich catalyst has been prepared by kneading and/or im- 
pregnation, the contact being brought about under such conditions 
10 as to satisfy the relation 

150 x < C < 250 x 

F+1 F+1 9 

wherein C represents the H^+CO conversion expressed as %mol 7 and 
in which of the product from the first step - after removal of the 

15 water fbrmed - at least the H2 and 00 that has remained uncon- 
verted is contacted in a second step with a catalyst or catalyst 
combination which, in addition to activity for the conversion of a 
mixture of H2 and 00 into hydrocarbons, has activity for the con- 
version of a mixture of H2O and CO into a mixture of H2 and CQg. 

20 2. A process as claimed in claim 1, characterized 

in that in the first step a catalyst is used which satisfies the 
relation 

(3 + 4 H) > -~ > (0.3 + 0.4 R), wherein 

25 L = the total quantity of cobalt present in the catalyst, expressed 
as mg Co/ml catalyst, 
S = the sqrf&ce area of the catalyst, expressed as m^/ml catalyst, 
and* 

R* = the weight ratio of the quantity of cobalt deposited on the 
30 carrier by kneading to the total quantity of cobalt present in 

• the catalyst. 



3o A process as claimed in claim 1 or 2, characterised in that 
in the first step use is made of a catalyst ishich per 100 pbff 
carrier comprises 15-50 pbw of cobalt and either Od-5 pbtf of the 
otfear metal if during the preparation cobalt ssas deposits first 
and the other metal next, or 5-40 pbtf of the other metal if in the 
preparation the other metal was deposited first and cobalt nexto 
4o A process as claimed in any one of claims 1-6, characterized 
in that in the first step use is made of e. catalyst comprising 
zirconium as other metal and silica as carrier o 
5o A process as claimed in any one of claims 1=4, characterized 
in that the product frcm the first step is divided by cooling into 
a gaseous fraction substantially consisting of isiconverted H2 
and 00 and C}f hydrocarbons, and a liquid fraction substantially 
consisting of C5 4 " hydrocarbons and water, and that the gaseous 
fraction is used as feed for the second- step 0 

6. A process as claimed in any one of claims 1-5, characterized 
in that in the second step use is made of a catalyst combination 
in ishich the activity for the conversion of a H2/CO mixture into 
hydrocarbons orgirstes in a cobalt catalyst as defined in claim 1 * 
7- A process as claimed in claim 6, characterized in that in 
the second step use is made of a mixture of trao catalysts, the one 
catalyst being a cobalt catalyst as defined in claim 1 and the 
other catalyst being a copper- and zino-containing composition 
having a Cu/Si atomic ratio in the range between 0„1 and 10 e 
80 A process as claimed in claim 7, characterized in that the 
ttto catalysts are presort in the catalyst mixture in such a ratio 
that the (Cu*-Zn)/Co atomic ratio in the catalyst mixture lies 
between 0 o 5 and 5« 

9„ A process as claimed in claim 7 or 8, characterized in that 
the copper- and zinc-containing composition has a Cu/Zn atomic 
ratio in the range between 0,25 and 4„ 

10o A process as claimed in any one of claims 1-9, character- 
ized in that it is carried out at a temperature of 125=350°C and 
a pressure of 5-100 bar e 



